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Snail shells can be left-handed or right-handed,
sometimes within one species. For over a century, it
has commonly been assumed that mirror-image
shell coiling in snails is correlated with a mirror-
image reversal of early spindle orientation and cleav-
age. The results of an exciting and elegant new
study refute this model, showing that right doesn’t
have to be the mirror image of left.
Metazoans, by and large, possess a simple bilateral
symmetry. This symmetry is, however, rarely perfect.
Most animals exhibit a distinct left-right asymmetry of
some internal organs, while appearing bilaterally sym-
metric on the outside. For example, vertebrates show
asymmetries in the position and morphology of the
heart, liver, and gut, whereas in nematodes, structures
such as the gonad and intestine are asymmetric [1,2].
Snails (Gastropoda), however, are unusual in their
asymmetric external appearance, which is apparent in
the way the shell coils. If the shell is viewed from the
side and its tip is held upright, the opening of the shell
can be either to the left-hand side (sinistral) or to the
right-hand side (dextral) of the midline. Most gastro-
pod species show a uniform handedness, and rever-
sal of this asymmetry is rare in Nature. Most snail
species are dextral, except, for example, the common
pond snail Physa, which is an entirely sinistral species.
Another common pond snail, Lymnaea is notable in
that both dextral and sinistral forms are found in
Nature, with sinistral individuals representing up to 2%
of the population. Consequently, Lymnaea and Physa
have long been handy models for studying the genet-
ics and development of left-right asymmetry. In this
issue of Current Biology, Shibazaki and colleagues [3]
now offer new insight into the mechanisms responsi-
ble for determining handedness in snails.
Two Models for the Reversal of Snail Handedness
Left-right asymmetry can be traced back as far as the
first division in the spiral cleavage pattern of snail
embryos [4,5]. Spiral cleavage is characterized by the
oblique angle of the early cleavage planes and the alter-
nation of direction of successive divisions (Figure 1).
Thus, if odd numbered divisions are oriented clockwise
(dextrotropic), the even divisions are counter-clockwise
(levotropic). For reasons that remain unknown, the
cleavage geometry correlates almost perfectly with
adult handedness. Crampton [6] was among the first to
describe how cleavages in sinistral Physa and dextral
Lymnaea embryos were the mirror-image pattern of one
another. He attributed the reversed orientation of divi-
sion to a reversal of spindle inclination and cleavage
plane, as did Freeman and Lundelius [7] in their obser-
vations of dextral and sinistral embryos that occur
within a single species of Lymnaea (Figure 1C). In this
view, spiral cleavage is controlled by an asymmetry in
the cortex that regulates the inclination of the mitotic
apparatus prior to cytokinesis. By contrast, Mesh-
cheryakov and Beloussov [5] attributed the reversal of
cleavage pattern between sinistral and dextral species
to a reversal — from clockwise to anti-clockwise — of
the spiral rotation of the daughter micromeres during
cytokinesis (Figure 1D). These rotations were indepen-
dent of the orientation of the spindle. According to both
models, the reversal of handedness is caused by a
reversal of cellular machinery. The discrepancies
between these two views have yet to be resolved.
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Figure 1. Making of the spiral.
Gastropods, as well as other lophotrochozoans, undergo spiral
cleavage. The first two divisions in spiral cleavage are nearly
meridional, generating four macromeres (grey), which then
divide synchronously to produce successive quartets of
micromeres. (A) Animal-view of third and fourth cleavage in a
dextral snail embryo. The oblique angle of division (shown with
black hatch marks) and the alternation of the direction of the
successive cleavage are seen in the clockwise third cleavage
(orange micromeres) and counter-clockwise fourth cleavage
(green micromeres). Earlier and later divisions show the same
alternation of spiral cleavage. This cleavage pattern generates
embryos with more tightly packed blastomeres, as compared
to radially cleaving embryos. (B–D) Lateral-view of the mirror-
image third division in dextral and sinistral embryos. Two
models try to explain the reversal of spiral cleavage: (C) Rever-
sal of spindle orientation and cleavage plane. (D) A reversed
rotation of micromeres (orange) during cytokinesis.
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Genetics of Snail Handedness
Independently, several groups have found that dextral
coiling is dominant over sinistral and is regulated by a
single, maternally inherited locus, called sinistral [7–9].
Sinistral variants appear to be mutant for the sinistral
gene, as transfer of egg cytoplasm from sinistral  to
dextral eggs has no effect, whereas the reciprocal
transfer causes a reversal of sinistral embryos to
dextral [8]. Interestingly, loss of the sinistral gene
product always reverses the cleavage pattern and
shell coiling, yielding sinistral embryos, whereas ran-
domization of handedness, or a loss of spiral cleavage
and shell coiling has not been reported. Exactly how
loss of function of a single locus could reverse all the
cellular mechanics, including spindle orientation and
micromere rotation, remains unexplained. Shibazaki
and colleagues [3] now provide a new twist on the old
problem, suggesting that a complete reversal of hand-
edness and shell coiling could result from non-mirror-
image cleavage mechanisms.
Blastomere Rotation as a Default Mechanism of
Spiral Cleavage
Shibazaki and colleagues approach the question of
handedness through a detailed analysis of the
cytoskeletal dynamics during early cleavage in Physa
and Lymnaea. They observe that in dextrally cleaving
Lymnaea embryos, the mitotic spindles are oriented in
a clockwise direction (when viewed from the animal
pole) during metaphase-anaphase (Figure 2A). At this
stage, they also observe that the cells protrude, or
deform, along the same axis as the spindle. The sinis-
tral embryos of Physa show similar changes of spindle
orientation and overall cell shape, but in the reverse
direction; as previously reported by Crampton [6]
these forms are true enantiomorphs.
Surprisingly, this is not true for sinistral embryos of
Lymnaea, in which cleavage appears radial during
metaphase-anaphase, with no spindle inclination and
no directed deformation of the cell shape (Figure 2B).
When the daughter cell begins to bud off, it initially
shows no ‘spiral’ character. However, during cytoki-
nesis the daughter cell rotates and thus recovers the
oblique angle of spiral cleavage; this behaviour is
similar to the rotations described by Meshcheryakov
and Beloussov [5]. Thus, reversal of asymmetry in
Lymnaea is not simply generated by reversing the
cytoskeletal machinery and the dextral and sinistral
forms are not enantiomorphs. 
Searching for the mechanisms underlying the rever-
sal of handedness, Shibazaki et al. [3] looked at the
cytoskeletal requirements for spindle inclination and
micromere rotation. As would be expected, depoly-
merization of microtubules disrupts the orientation of
spindles in both variants, but does not eliminate the
deformation of the dividing cells in dextrally cleaving
embryos. Thus, the deformation of the cortex does not
require input from the spindle microtubules. By con-
trast, disruption of the actin cytoskeleton perturbs all
indications of spirality in dextral embryos, producing
embryos with radial spindle alignment and no blas-
tomere deformation. In sinistral embryos, actin depoly-
merization does not affect the radial spindle
orientation, but blocks the ensuing rotation of the
daughter cell. In both cases, loss of the actin
cytoskeleton effectively radializes the geometry of
cleavage, but surprisingly does not randomize the ori-
entation of the spindle. Unfortunately, the conse-
quences on overall asymmetry — cleavage pattern and
shell coiling — resulting from this experimental radial-
ization could not be determined. Nonetheless, it is
interesting to speculate that the observed ‘telophase
rescue' of spiral cleavage may be a default mechanism
to ensure that the proper cell contacts are generated,
which are likely to be required for inductive events
during embryogenesis. Thus, in embryos lacking the
sinistral gene product, the mirror-image cleavage
pattern may not be a reversal, but a recovery.
Conclusions 
The work of Shibazaki and colleagues demonstrates
that there is presumably more than one way to gener-
ate and revert the spiral cleavage pattern. While
spindle inclination and micromere rotation have been
described previously [4–7], this is the first report to
implicate the two mechanisms in the reversal of hand-
edness within one species. Interestingly, these data
suggest that the cells of a spiralian embryo have an
intrinsic bias toward spiral geometry, as sinistral
embryos without inclined spindles recover ‘spirality’
through a spiral shifting of daughter cells. How the
‘default’ radial spindles orient in the absence of dextral
cue(s) is unknown and quite an intriguing question, as
this process appears to require no input from the cell
cortex. Such a default model is mechanistically more
plausible for explaining how reversal occurs in the
absence of the single sinistral gene product — yet it
still does not explain why the reversal is complete. It
will be important to trace this asymmetry back to
earlier events to identify how the reversal is regulated.
We know that handedness is determined prior to the
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Figure 2. Reversing the spiral.
(A) In dextral Lymnaea embryos, a spiral deformation of the cell
orients the spindle, whereas spiral deformation is lost and the
spindles orient radially in sinistral embryos. (B,C) Spiral defor-
mation also orients the cleavage plane of dextral embryos, pro-
ducing a dextrotropic division. In sinistral embryos,
micromeres emerge radially and then shift into their correct
spiral position, resulting in sinistral orientation.
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completion of meiosis by the cytoplasmic sinistral
gene product [7], and suspect that sinistral probably
relates cortical dynamics to spindle orientation.
Interestingly, correct spindle orientation at the third
division has been shown to be critical for left-right
asymmetry in Caenorhabditis elegans [10]. In this
nematode, a Gα-subunit of a heterotrimeric G-protein
is involved in correctly positioning the third cleavage
axis [11]. Moreover, in C. elegans and Drosophila G-
proteins function with Par proteins and regulators of
G-protein signaling to correctly align spindles [12].
While the identity of the sinistral gene product remains
elusive, it will be interesting to learn whether any of
these molecules function in spindle inclination,
micromere rotation and the determination of handed-
ness in snails.
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